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BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a method for synchronizing frames by using pilot 
patterns in a compressed mode. 
Background of the Related Art 

Recent 3GPP(Third Generation Partnership Project) has description of a transport 
channel and physical channel for further developed next generation mobile communication. 
With regard to the physical chaimel, a DPCH (Dedicated Physical Chaimel) is used for an up 
link and a downlink. In general, the DPCH consists of hierarchal layers of super frames, 
radio frames, and time slots. There are two types of DPCH; one is a DPDCH (Dedicated 
Physical Data Channel) and the other one is a DPCCH (Dedicated Physical Control Channel). 
The DPDCH is for transportation of dedicated data, and the DPCCH is for transportation of 
control information. The DPCCH has a plurality fields, such as a pilot, a TFCI, an FBI, and 
a TPC. The pilot Npiiot is provided with pilot bits (or symbols) for supporting channel 
estimation for making coherent detection, and pilot bits (or symbols) for frame 
synchronization. Particularly, it is very important to make, identify, and failure detection of 
frame synchronization by using pilot patterns of the pilot Npijot at a receiver side of the next 
generation mobile communication system. The following table 1 shows frame 
synchronization words used in the up link and down link DPCH. 

TABLE 1 

Frame Synchronization Words 
Ci-(1 000 1 1 1 1 0 1 0 1 1 00) 
C2 = (1 0 1 0 0 1 1 0 1 1 I 0 0 0 0) 
C3 = (l 1 000 1 00 1 1 0 1 01 1) 



• # 



C4 = 


(0 0101000011101 1) 


C5 = 


(1 1101011001000 1) 


C6 = 


(1 1011100001010 0) 


C7 = 


(1 0 0 1 1 0 1 0 1 1 1 1 0 0 0) 


C8 = 


(0 0001110110010 1) 



The codes in the table 1 have auto-correlation function as expressed in the following 
equation (1). 

fl5, r = 0 

^^(^)= 1 ^ ,i=l,2,-.,8 (1) 

The Rini(x) in the equation (1) is an auto-correlation function of a frame 
synchronization word Ci. The codes in the table 1 may be classed in four as expressed in the 
following equation (2). 

E = {CI, C2}, F - {C3, C4}, G - {C5, C6}, H = {C7, C8} (2) 

Each of code pairs in each class has a cross correlation function as expressed in the 
following equations (3) and (4). 

"HI!' 

Ill 

Where i, j = 1,2, , 8, and Rij(T) represents a cross-correlation function between 

code pairs in each of the classes E, F, G, H. Eventually, a result of correlation as expressed 

in the following equation (5) can be obtained by appropriate combination of the frame 

synchronization words according to the auto-correlation function as expressed in the equation 

(1), and a correlation result as the following equation (6) can be obtained by appropriate 

combination of codes in each of the classes according to the cross-correlation function as 
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expressed by the equations (3) and (4). 

, a=l,2,3,~-,8 (5) 

S(^2/-u2.W+^2^2M(^ + l)) = r^ a- 1,2, 3, --,8 (6) 

FIG. lA illustrates a graph showing an auto-correlation result when a = 2 in the 
equation (5), and FIG. IB illustrates a graph showing a cross-correlation result between codes 
in the same class when a = 2 in the equation (6). FIG. 2A illustrates a graph showing an 
auto-correlation result when a = 4 in the equation (5), and FIG. 2B illustrates a graph 
showing a cross-correlation result between a pair of codes of class 'E' and 'F' when a = 4 in 
the equation (6). For an example, as can be known from FIG. 2A, the auto-correlation 
function of the frame synchronization words shown in table 1 has a maximum correlation 
result at a delay time point '0' (t = 0), and a maximum correlation result at a sidelobe which 
is a delay time point other than the delay time point '0'. As can be known from FIG. 2B, the 
cross-correlation function of each code pair of the frame synchronization words in the same 
class shows a maximum correlation result of a negative polarity at a middle delay point x = 7, 
and a minimum correlation result at delay time points except the middle delay time point x = 
7. 

Thus, in the related art, the frame synchronization is attained, and identified by using 
correlation of the frame synchronization words shown in table 1. However, though a 
performance of attaining the frame synchronization can be made properly when 15 slots are 
transported for one frame, the performance can not be made properly when minimum 8 slots 
and maximum 14 slots are transported for one frame like in an compressed mode which is a 
character of a W-CDMA. Moreover, in the related art, correlation of pilot patterns are made 



for identification of frame synchronization and detection of the out-of firame synchronization. 
When identification of the firame synchronization and detection of the out-of firame 
synchronization is made fi'om a resuh of pilot pattern correlation, a preset threshold value is 
provided in the related art for comparing the correlation value calculated for each slot and the 
threshold value, to identify the synchronization and detect an out-of synchronization. 

However, it is evident that the threshold values in the related art set fireely as the 
mobile station UE or the base station Node B likes causes failure in the firame synchronization 
identification or out-of firame synchronization detection owing to different threshold values, 
that may be one of great problem in global roaming the next generation mobile 
communication system pursues. Accordingly, a universal reference for determining the 
firame synchronization identification and the out-of firame synchronization detection is 
required, and a method for making positive firame synchronization identification and detection 
of out-of firame synchronization is required. 

SUMMARY OF THE INVENTION 
Accordingly, the present invention is directed a method for synchronizing fi*ames by 
using pilot patterns in a compressed mode that substantially obviates one or more of the 
problems due to limitations and disadvantages of the related art. 

An object of the present invention is to provide a method for synchronizing fi*ames by 
using pilot patterns in a compressed mode, which can achieve a perfect synchronization even 
in a case a W-CDMA mobile communication system is in the compression mode. 

Another object of the present invention is to provide a method for synchronizing 
firames by using pilot patterns in a compressed mode, which can provide a reference for 
identification of the firame synchronization or detection of the out-of firame synchronization. 

Additional features and advantages of the invention will be set forth in the description 
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which follows, and in part will be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advantages of the invention will be 
realized and attained by the structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the present 
invention, as embodied and broadly described, frame synchronization words are restored in 
frame perfectly by using dedicated pilot patterns. The frame synchronization is achieved by 
using correlation of the restored frame synchronization words. 

In one aspect of the present invention, frame synchronization words to be transmitted 
over one frame from a transmission side are punctured as many as desired number of slots. 
Upon receiving a series of codes of the punctured frame synchronization words at a receiver 
side, the frame synchronization words are restored in frames by using correlation of the 
received series of codes. Frame synchronization is attained with respect to a channel by 
using correlation of the restored frame synchronization words. 

Preferably, in the step to restore the frame synchronization words, bits of the codes not 
transmitted owing to the puncturing are restored by using a relation Cij = - Ci+i(j+7)mod 15 of a 
code pair in each of the classes, and bits of the codes not transmitted owing to the puncturing 
are restored by using a relation Ci+i j = - Cj,(j+8)mod 15 of a code pair in each of the classes. 
Preferably, for perfect frame synchronization, the restored frame synchronization words 
which are pilot bit sequences, are auto-correlated and cross correlated. The auto-correlation 
result and the cross correlation result are negatively summed, and compared to a preset 
threshold value p. A frame synchronization success for the received channel is determined 
according to a result of the comparison, and reported to an upper layer. 

Preferably, the restored frame synchronization words are classed into a number of 



classes corresponding to frame synchronization word pairs, and one word of the frame 
synchronization word pair in one class is the other word being cyclic shifted by 7 bits and 
inverted. 

The threshold value P is set to a value equal to '0* or greater than '0' depending on an 
SNR ratio. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide fiirther 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to provide a fiirther understanding of 
the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description serve to explain the principles 
of the invention: 

In the drawings: 

FIG. lA illustrates a graph showing an auto-correlation when a = 2 by using pilot 
patterns of 3GPP RAN standard; 

FIG. IB illustrates a graph showing a cross-correlation when a = 2 by using pilot 
patterns of 3GPP RAN standard; 

FIG. 2A illustrates a graph showing an auto-correlation when a - 4 by using pilot 
patterns of 3GPP RAN standard; 

FIG. 2B illustrates a graph showing a cross-correlation when a = 4 by using pilot 
patterns of 3GPP RAN standard; 

FIG. 3 illustrates a structure of an uplink DPCH of 3GPP RAN standard; 

FIG. 4 illustrates a structure of a downlink DPCH of 3GPP RAN standard; 



FIG. 5 explains an STTD encoding principle in downlink DPCH of 3GPP RAN 
standard; 

FIG. 6 illustrates a block diagram of a device for restoring a pilot pattern used for 
frame synchronization in a compressed mode of the present invention; 

FIG. 7 illustrates a block diagram of an auto-correlation device for frame 
synchronization in accordance with a preferred embodiment of the present invention; 

FIG. 8 illustrates a block diagram of a cross correlation device for frame 
synchronization in accordance with a preferred embodiment of the present invention; 

FIG. 9 illustrates a structure of SCCPCH of 3GPP RAN standard; and, 

FIG. 10 illustrates a block diagram of a system of correlators for identification of 
frame synchronization and detection of out of frame synchronization in accordance with a 
preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. The 
embodiments of the present invention will be described focused onto pilot patterns used in an 
uplink DPCH and a downlink DPCH. However, the present invention is applicable to all 
channels, which use pilot patterns in the uplink and the downlink. FIG. 3 illustrates a structure 
of an uplink DPCH of 3GPP RAN standard. The following table 2 shows information on 
each field of an uplink DPDCH, and the next table 3 shows information on each field of a 
downlink DPDCH. 



TABLE 2 



Slot format 
#1 


Channel bit 
rate 
(kbps) 


Channel symbol 
rate 
(ksps) 


Spreading 
factor 


Bits/ 
frame 


Bits/ 
slot 


Ndata 


0 


15 


15 


256 


150 


10 


10 



8 



IB 



Q 



1 


30 


30 


128 


300 


20 


20 


2 


60 


60 


64 


600 


40 


40 


3 


120 


120 


32 


1200 


80 


80 


4 


240 


240 


16 


2400 


160 


160 


5 


480 


480 


8 


4800 


320 


320 


6 


960 


960 


4 


9600 


640 


640 



TABLE 3 



Slot 
format 

■WW 

ftl 


Channel 
bit rate 
(kops) 


Channel 
symbol 
rate 
(ksps) 


S.F. 


Bits/ 
frame 


Bits/ 
slot 


Npiiot 


1* 


2* 


Nfbi 


Transmi- 
tted slots/ 
frame 


0 


15 


15 


256 


150 


10 


6 


2 


2 


0 


15 


OA 


15 


15 


256 


150 


10 


5 


2 


3 


0 


10-14 


OB 


15 


15 


256 


150 


10 


4 


2 


4 


0 


8-9 


1 


15 


15 


256 


150 


10 


8 


2 


0 


0 


8-15 


2 


15 


15 


256 


150 


10 


5 


2 


2 


1 


15 


2A 


15 


15 


256 


150 


10 


4 


2 


3 


1 


10-14 


2B 


15 


15 


256 


150 


10 


3 


2 


4 


1 


8-9 


3 


15 


15 


256 


150 


10 


7 


2 


0 


1 


8-15 


4 


15 


15 


256 


150 


10 


6 


2 


0 


2 


8-15 


5 


15 


15 


256 


150 


10 


5 


1 


2 


2 


15 


5A 


15 


15 


256 


150 


10 


4 


1 


3 


2 


10-14 


5B 


15 


15 


256 


150 


10 


3 


1 


4 


2 


8-9 



S JF. : Spreading Factor, 1 * : Ntpc, 2* : Ntfci 
As shown in table 3, a slot format of the DPCCH having the TFCI is changed in the 
compressed mode. That is, as shown in FIG. 3, there are two more modes having separate 
indices added thereto. For an example, the slot format #2 is for field information of a 
general mode, and the slot formats #2A and #2B are for field information for the compressed 
mode. As can be known fi-om the whole table 3, a number of transmissive slots per a firame 
are 15 in the general mode, and minimum 8 in the compressed mode. That is, at least 8 slots 
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of information are transmitted in the compressed mode. The following table 4 shows pilot 
bit patterns of an uplink DPCCH having the present invention applied thereto, wherein a 
number of pilot bits NpUot in a slot is 3, 4, 5, or 6. The next table 5 shows pilot bit patterns of 
an uplink DPCCH having the present invention applied thereto, wherein a number of pilot bits 
5 Npiiot in a slot is 7, or 8. 



Table 4: Pilot bit patterns for uplink DPCCH with Npiiot = 3, 4, 5 and 6 





Npiiot 


= 3 


Npiiot = 4 




Npiiot = 


5 






Npiiot = 


w 




Bit# 


0 ■ 




2 


0 l-l-,:-. 


2; 3 


p 


1. 2 


;;:3-i; 




0 M: 






5 


Slot#0 


;1 


1 


1 


1 1 


-■w 1 


1 ; 


1 1 






1 .il 


i:.:yv^;i 1 


■Hi-[^ 


0 


1 


0 


0 


1 


1 0 


;K0;:" 1 




•0 1 ■ 






1 ;-.6v 


:;:::Jo:I:: 1 






2 


0 


1 


1 


1 ■ 6:. 


at-J> 1 


9 • 


:M;;"' 1 






1 yi); 


1 






3 


d 


0 


1 


1 )0:.: 


0: 1 


to.-,} 


;cij^^ 1 ' 


::i 1.' .A:; 




1 : o; 


f;;;p 1 






4 






i 1 


1 -1 j 


0 1 


■::.i:-:; 








1 . 1' 


:;b;; 1 






5 






: 1 


1 -jrl'S 


■Vi^j 1 


';:;i-{:' 








1 ■•■t-.; 


:Vv.l-^":; 1 






6 




;:: '1.' 


: 1 


1 ;:;.l; 


V- 1 




i 1 : 






1 01 ■ 






0 


7 


1 




1 


1 ;;.i-:,:'" 


(y 1 




^0.;^ 1 ; 


;0'^ 




1 "'i:: 


■0; 1 




0 


8 


0 


1 


1 




::i;>; 1 


w$ 


H;.! 1 ^ 




Ip 










9 


■■U 


1 


1 


1 /.lii.^ 


y - 1 


■:^i 








1 


l:^\Af: 1 






10 


0; 


1 


1 


1 






■\i-- 1 ^= 








1 






11 


1 ■ 




1 


1 1 , 


0 1 




:;a'| 1 






1 


■r'M ^ 






12 






: 1 


1 


1 






lis 


"|a| 


1 r-^ 


■;-:0^ 1 






13 




'§0'' 


1 


1 ^ov;:l 


6 ^ 1 




':9::':i ^ ; 






1 


■::.9-; 






14 




0 


1 


1 io 


6 1 










1 0^ 










c, 


02 




c, 










C4 




:::C2| 




C4 i: 



Table 5: Pilot bit patterns for uplink DPCCH with Npiiot = 7 and 8 
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1 : 







Npilot = 


7 




Npilot = 8 


Rit it 
oil ft 






.*T ■ 




U - 1 




^. . ■ ■; 




OlOl rnj 


1 1 


- 1 1 




n 1 


1 jl 


4 - 4 . ' 4 

1 ^l1 1 


A 

= 1 ^ 


4 A 

1 0 . 


4 

I 


1 u 


U 1 


1 


n ' i 

; :U : 1 


4 i" A 


4 -A 4 
1 0 1 


4 
1 


4 A 

1 0 


9 
i. 


1 Ci 


= 1 ■ 1 
1 1 




- . 1 1 


4 " A ■ 


4 ■■.:-.*4 .. ' 4 
1 .1 1 


0 


4 4 

1 1 


O 


1 u 


n 1 






4 " 'a 

1 ^. 0 _ 


4 - ; A ■ << 

1 Q 1 


■A. 


4 A 

1 0 


A 


1 -1 ... 


n 1 

, u 1 






1 , |.T ' 


1 P : 1 


:P 


1 ■'. X 


C 

0 


1 i 1 , : 




.: '*;:■ 


....... 


1 1 


4 I; 4 : 4 

' -;;1. 1 




1 ; ;0 . 


D 


1 '!--„ 


I "'- 1 


■ xf :. 


: U . 1 


1 /"-i^;.:; 


1 J41 1 ^ 


: b " 


1 ^^rb-t 


7 


1 


■'■0'' 1 




■:'P;.: 1 


1 "=|f;:i: 


1 1 ; 




1 ::aCi:| 


8 


1 ';0\- 






ib| 1 


1 ifbf 


1 S/l-::;! 1 = 




1 ■ :CI:| 


9 




";:17-; 1 - 




^-Alr^ 1 


1 


1 1 : 




1 


10 


1 : 0 ■ ; 


.r'i^ 1 




1 


1 '^}0}\ 


1 1 ^• 




1 ■:-^:;1-:| 


11 


1 .1 


= 0. ^ 


iV 


;;iv'^ 1 


1 


1 x:;6'::'; 1 ; 






12 


1 1. 


;0 1 




■d 1 


1 ■■••">)■:■ 


1 ■'■^;o;-:': 1 ' 




1 ;:-:.d-"=: 


13 


1 ; o| 


P.- 


""1 :i 


1 : 1 


1 -;|o" 


1 1 




1 .IV 


14 


1 .0:- 


..o". 1 


: 1 




1 t;;'b^::; 


1 Vo:-^ 1 


Si''- 


1 1 - 






-C2-.. 


C3 - 


;;p4 : 




}P2 


C3 


C4 



* r*" 

' In the pilot patterns shown in tables 4 and 5, the shadowed parts are used for frame 
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ly synchronization, and pilot bit values of rest of the parts are "1". Columnar sequences each 

! n with a bit value of "1" in all are used for channel estimation for coherent detection. Each of 

\^ 5 the columnar sequences with a length 15 marked with shadow in tables 4 and 5 is the frame 
synchronization in table 1 explained already used for the frame synchronization. Relations 
of mapping between the columnar sequences for the frame synchronization shown in tables 4 
and 5 and the frame synchronization words in table 1 are shown in the following table 6. 



TABLE 6 



Npilot 


Position# of pilot bits 


15bit length columnar 
sequence of pilot pattern 


3 


0 


CI 




1 


C2 


4 


1 


CI 




2 


C2 



1 



5 


0 


CI 




1 


C2 




3 


C3 




4 


C4 


6 


1 


CI 




2 


C2 




4 


C3 




5 


C4 


7 


1 


CI 




2 


C2 




4 


C3 




5 


C4 


8 


1 


CI 




3 


C2 




5 


C3 




7 


C4 



As explained, the codes CI, C2, C3, and C4 form code pairs in classes E and F. 
Particularly, when an uplink DPCH Npilot = 3, a relation of CI and C2 for respective bit# can 
be known from the following table 7. 

TABLE? 
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In table 7, Ci j represents a (j)th slot bit of a pilot bit pattern Ci. When the uplink 
DPCH Npilot = 6, a relation between CI and C2, and C3 and C4 for respective bit# can be 
known from the following table 8 



TABLES 



13 



IS 



i 



Frame 

inr 



|Bit)# 



iSioli #0 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 



:?i 




In this instance too, in table 8, <CiJ represents a (j)th slot bit of a pilot bit pattern Ci. 
The present invention facilitates to know information on not transmitted slots in the 
5 compressed mode by using respective code relations of the pilot bit patterns, and particularly, 
pilot bit patterns can be restored in frames for the frame synchronization. At first, four codes 
used in the uplink pilot bits can be expressed with classes E and F as follows. 

E={C,,C2}, F={C3, C4} 

As can be known from tables 7 and 8, respective two codes in each class has a 
1 0 relation as expressed by the following equations 7 and 8. 

Ci+i j = -Ci,(j+8)mod 15 (8), 
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Where, i = 1, 3 and j = 0 14, which are integers. According to this, when an uplink 
DPCCH is transmitted over 8 slots in the compressed mode, not transmitted information bits 
among the pilot bit pattern CI expressed in the following equation (9) are restored by using 
the equation (7). 

15-Y, 8<Y<14 (9) 

In a similar method, not transmitted information bits of the pilot bit pattern C2 are 
restored by using the equation (8). At the end, not only the not transmitted information bits 
of the pilot bit patterns in the class E, but also not transmitted information bits of all pilot bit 
patterns in the class F in the compressed mode, can be restored by using equations (7) and (8). 
For an example, the (15 - Y) not transmitted information bits of the pilot bit pattern C3 are 
restored by the equation (7), and the not transmitted information bits of the pilot bit pattern 
C4 are restored by the equation (8). This is made possible because two codes in the same 
class have a complementary relation. 

FIG. 4 illustrates a structure of a downlink DPCH of 3GPP RAN standard, wherein a 
parameter 'k' denotes a total number of bits in one slot in a DPCH. The parameter 'k' is 
related to an SF(Spreading Factor), with (SF) = 512/2k, to fix the SF to be 4 512. The 
following table 9 shows a part of field information on the dov^oilink DPCCH. 



15 



Table 9: DPDCH and DPCCH fields 



Slot 


Channel 


Channel 


SF 


Bits/ 


DPDCH 


DPCCH 


Transmitted 


Format 


Bit Rate 


Symbol 




Slot 


Bits/Slot 


Bits/Slot 


slots per 


#1 


(kbps) 


Rate 
















radio frame 






(ksps) 






Noatal 


Noata2 


Ntpc 


Ntfci 


Npilo 


Njr 


0 


15 


7.5 


512 


10 


0 


4 


2 


0 


Hh- 

4 


15 


OA 


15 


7.5 


512 


10 


0 


4 


2 


0 


4 


8-14 


OB 


30 


15 


256 


20 


0 


8 


4 


0 


8 


8-14 


1 


15 


7.5 


512 


10 


0 


2 


2 


2 


4 


15 


1B 


30 


15 


256 


20 


0 


4 


4 


4 


8 


8-14 


2 


30 


15 


256 


20 


2 


14 


2 


0 


2 


15 


2A 


30 


15 


256 


20 


2 


14 


2 


0 


2 


8-14 


28 


60 


30 


128 


40 


4 


28 


4 


0 


4 


8-14 


3 


30 


15 


256 


20 


2 


12 


2 


2 


2 


15 


3A 


30 


15 


256 


20 


2 


10 


2 


4 


2 


8-14 


38 


60 


30 


128 


40 


4 


24 


4 


4 


4 


8-14 


4 


30 


15 


256 


20 


2 


12 


2 


0 


4 


15 


4A 


30 


15 


256 


20 


2 


12 


2 


0 


4 


8-14 


48 


60 


30 


128 


40 


4 


24 


4 


0 


8 


8-14 


5 


30 


15 


256 


20 


2 


10 


2 


2 


4 


15 


5A 


30 


15 


256 


20 


2 


8 


2 


4 


4 


8-14 


58 


60 


30 


128 


40 


4 


20 


4 


4 


8 


8-14 


6 


30 


15 


256 


20 


2 


8 


2 


0 


8 


15 


6A 


30 


15 


256 


20 


2 


8 


2 


0 


8 


8-14 


68 


60 


30 


128 


40 


4 


16 


4 


0 


16 


8-14 


7 


30 


15 


256 


20 


2 


6 


2 


2 


8 


15 


7A 


30 


15 


256 


20 


2 


4 


2 


4 


8 


8-14 


78 


60 


30 


128 


40 


4 


12 


4 


4 


16 


8-14 


8 


60 


30 


128 


40 


6 


28 


2 


0 


4 


15 


8A 


60 


30 


128 


40 


6 


28 


2 


0 


4 


8-14 


88 


120 


60 


64 


80 


12 


56 


4 


0 


8 


8-14 


9 


60 


30 


128 


40 


6 


26 


2 


2 


4 


15 


9A 


60 


30 


128 


40 


6 


24 


2 


4 


4 


8-14 


98 


120 


60 


64 


80 


12 


52 


4 


4 


8 


8-14 


10 


60 


30 


128 


40 


6 


24 


2 


0 


8 


15 


10A 


60 


30 


128 


40 


6 


24 


2 


0 


8 


8-14 


108 


120 


60 


64 


80 


12 


48 


4 


0 


16 


8-14 


11 


60 


30 


128 


40 


6 


22 


2 


2 


8 


15 


11A 


60 


30 
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15 
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16* 
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The DPCH may or may not have the TFCI. Particularly, a slot format that is 
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different from one in a general mode is used in the compressed mode. That is, there are two 
more modes having separate indices added thereto as shown in table 9 in the compressed 
mode, wherein an 'A* type slot format is used as a transmission time reduction method, and a 
'B' type slot format is used as a spreading factor reduction method. For an example, the slot 
5 format #3 is for field information in a general mode, and slot formats #3A and #3B are for 
field information in the compressed mode. As can be known from the whole table 9, a 
number of slots transmissive per a frame in the general mode are 15, and minimum 8 in the 
compressed mode. In other words, at least 8 slot information is transmitted even in the 
compressed mode. In a case a B type slot format is used as a spreading factor reduction 
10 method in a downlink compressed mode, two times of TPC bits and two times of pilot field 
O bits are transmitted, when symbols are repeated. For an example, the bits of the two fields 

are represented with xj, X2, X3, — , Xx in the general mode, corresponding bits of the two 
fields in the compressed mode are transmitted repeatedly in an order of Xi, X2, Xi, xi, X3, X4, X3, 
X4, — , Xx, Xx. The following table 10 shows pilot symbol patterns of a downlink DPCCH 
^ 1 5 having the present invention applied thereto, wherein pilot symbols Npiiot in one slot form 2, 4, 
8, and 16 bit pilot symbol patterns. 

Table 10: Pilot bitpattems for dovmlink DPCCH with Npiiot = 2, 4, 8 and 16 
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p In the pilot patterns in table 10, shadowed parts among the entire pilot symbols are 

\^ used for the frame synchronization, and rest of the parts have a value T. The columnar 

in 

O sequences having symbol value of '1' is used for channel estimation for coherent detection. 

5 Relations of mapping between the columnar sequences for the frame synchronization in table 
10 and the frame synchronization words in table 1 are shown in table 1 1 . 



TABLE 11 



Symbol rate 


Symbol # 


Chamiel 


1 5bit length columnar 
sequence of pilot 
pattern 


Npilot = 2 


0 


I-CH 


CI 






Q-CH 


C2 


Npilot = 4 


1 


I-CH 


CI 






Q-CH 


C2 


Npilot = 8 
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I-CH 


CI 






Q-CH 


C2 
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Npilot= 16 
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C5 






Q-CH 
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Q-CH 
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Particularly, in a case the downlink DPCH Npiiot = 8, relations between CI and C2, 
and C3 and C4 for respective symbol # can be known from the following table 12. 
TABLE 12 
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The CiJ in table 12represents a (j)th symbol of a pilot symbol pattern Ci. The 
present invention facilitatesfo know information on not transmitted slots in the compressed 
mode by using relations of such downlink pilot symbol pattern codes, and particularly, to 
restore the pilot symbol patterns in frames for frame synchronization. Eight codes used in 
the downlink pilot symbol pattern are sorted in E, F, G, H classes as follows. 

E={C,,C2}, F={C3,C4}, G={C5,C6}, H={C7,C8} 

As can be known from the table 12, the two codes in each of the class have relations 
already explained in equations 7 and 8, except that, in the case of downlink, i = 1, 3, 5, 7, and 
j = 0 - 14, both of which are integers. Accordingly, when the downlink DPCCHs are 
transmitted over 8 slots in the compressed mode, a number of not transmitted information bits 
of the pilot symbols CI are restored by using the equation (7), and a number of not 
transmitted information bits of the pilot symbols C2 are restored by using the equation (8). 
At the end, not only the not transmitted information bits of the pilot bit patterns in the class E, 
but also all the pilot bit patterns in classes F, G, and H, which are not transmitted in the 
compressed mode are restored by using the equations (7) and (8). For an example, the (15 - 
Y) not transmitted information bits of the pilot bit patterns CI, C3, C5, C7 are restored by the 
equation (7), and the not transmitted information bits of the pilot bit patterns C2, C4, C6, and 
C8 are restored by the equation (8). This is made possible because two codes in the same 
class have a complementary relation. The following table 13 shows pilot symbol patterns of 
the pilot symbol pattems shov/n in table 10 having an STTD(Space Time Transmit Diversity) 
taken into account. 

Table 13: Pilot bitpattems for downlink DPCCH in STTD with Npilot = 2, 4, 8 and 16 
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The pilot symbol patterns in the table 13 are produced by an STTD encoding of 
which principle is shown in FIG. 5. Relations of mapping of the columnar sequences in 
table 13 and the frame synchronization words in table 1 are shown in the following table 14. 
5 TABLE 14 



Symbol rate 


Symbol # 


Channel 


15bit length columnar 
sequence of pilot 
pattern 


Npilot = 2 


0 


I-CH 


-CI 






Q-CH 


C2 


Npilot = 4 
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I-CH 


-CI 






Q-CH 


C2 


Npilot =8 
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I-CH 


-C3 






Q-CH 


C4 
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I-CH 


CI 




Q-CH 


-C2 
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Npilot= 16 
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I-CH 


-C3 






Q-CH 


C4 
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I-CH 


CI 






Q-CH 


-C2 
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I-CH 


-C7 






Q-CH 


C8 
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I-CH 


C5 






Q-CH 


-C6 



The information, thus STTD encoded, is STTD decoded, and not transmitted slot 
information thereof is restored according to the foregoing pilot symbol pattern restoring 
process. The restoring process explained up to now can be represented with a system of 
device as illustrated in FIG. 6. FIG. 6 illustrates a block diagram of a device for restoring a 
pilot pattern used for frame synchronization in a compressed mode of the present invention. 

Since at least 8 slots are transmitted in the compressed mode, up to 7 slots are 
punctured in one frame. Functions for the frame synchronization words before and after the 
puncturing can be expressed as follows. 

Cl(t), C2(t), C3(t), C8(t) 

Cl(t)P(t), C2(t)P(t), C3(t)P(t), C8(t)P(t) (10) 

The frames punctured, and transmitted in the compressed mode have a noise 
component added thereto, to be expressed as follows. 

C,{t)Pit), C,{t)P{t\ C,{t)P{t\ — , C,(t)P{t) (11) 

Then, the received frame synchronization words as expressed in the following 

equation (12) are restored according to the pilot symbol pattern restoring process expressed in 

the foregoing equations, and the restored frame synchronization words are applied to 

correlators shown in FIGS. 7 and 8 for frame synchronization. 
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c,(0, c,(0, ^(0, 



(12) 



FIG. 7 illustrates a block diagram of an auto-correlation device for frame 
synchronization in accordance with a preferred embodiment of the present invention, and FIG. 
8 illustrates a block diagram of a cross correlation device for frame synchronization in 
accordance with a preferred embodiment of the present invention, wherein Tframe represents 
one frame period, which is 10msec in the present 3GPP standard. Once the frame 
synchronization words are restored according to the restoring process, the restored frame 
synchronization words are applied either to the auto-correlator in FIG. 7 or to the cross- 
correlator in FIG. 8. At the end, the present invention facilitates to attain and identify frame 
synchronization of the uplink and downlink DPCH even in a compressed mode by using 
method and device the same with a general mode, and can also realize detection of out-of 
synchronization. After comparing an output of the correlator over the frame time period 
given from the network through an upper layer to a specific threshold voltage, the receiver 
side reports success or failure of the frame synchronization to the upper layer. 

A method for identifying a frame synchronization and detecting an out-of frame 
synchronization in accordance with a preferred embodiment of the present invention will be 
explained, with reference to the attached drawings. This embodiment implements the frame 
synchronization and detecting the out-of frame synchronization by using one parameter 'Z'. 
The parameter 'Z' is obtained by combining the auto-correlation fiinction and the cross 
correlation function of the pilot pattern. FIG. 9 illustrates a structure of SCCPCH(Secondary 
Common Control Physical Channel) of 3GPP RAN standard. The SCCPCH is used for 
transmission of FACH(Forward Access Channel) and a paging channel. The following table 
1 5 shows field information on the SCCPCH. 



TABLE 15 



Slot 
format #i 


Channel 
bit rate 
(kbps) 


Channel 
symbol rate 
(ksps) 


SJ. 


Bits/ 
frame 


Bits/ 
slot 


Ndata 


Npilot 


Ntfci 


0 


30 


15 


256 


300 


20 


20 


0 


0 


1 


30 


15 


256 


300 


20 


12 


8 


0 


2 


30 


15 


256 


300 


20 


18 


0 


2 


3 


30 


15 


256 


300 


20 


10 


8 


2 


4 


60 


30 


128 


600 


40 


40 


0 


0 


5 


60 


30 


128 


600 


40 


32 


8 


0 


6 


60 


30 


128 


600 


40 


38 


0 


2 


7 


60 


30 


128 


600 


40 


30 


8 


2 


8 


120 


60 


64 


1200 


80 


72 


0 


8* 


9 


120 


60 


64 


1200 


80 


64 


8 


8* 


10 


240 


120 


32 


2400 


160 


152 


0 


8* 


11 


240 


120 


32 


2400 


160 


144 


8 


8* 


12 


480 


240 


16 


4800 


320 


312 


0 


8* 


13 


480 


240 


16 


4800 


320 


296 


16 


8* 


14 


960 


480 


8 


9600 


640 


632 


0 


8* 


15 


960 


480 


8 


9600 


640 


616 


16 


8* 


16 


1920 


960 


4 


19200 


1280 


1272 


0 


8* 


17 


1920 


960 


4 


19200 


1280 


1256 


16 


8* 



S J. : Spreading Factor. 

The slots with 8bit or 16bit pilot symbols Npibt in the table 10 represent pilot symbol 

patterns of the SCCPCH having the present invention applied thereto. In the downlink pilot 

patterns shown in table 10, shadowed parts among the whole pilot symbols are used for frame 

synchronization, and a pilot symbol except the parts has a value 'T. The columnar 

sequences with all symbol value ' T are used for channel estimation for coherent detection. 

The table 13 shows pilot symbol patterns in the table 10 having STTD taken into account. 

The pilot symbol patterns in the table 13 are produced by subjecting the SCCPCH symbols to 
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STTD encoding as shown in FIG. 5 when there is a diversity antenna on the network side or 
the SCCPCH is transmitted by using an open loop transmit diversity. 

It is very important that the receiver side of the next generation mobile 
communication system attains the frame synchronization by using the pilot pattems of the 
channels explained up to now. The combination, and simultaneous use of the auto- 
correlation and cross-correlation facilitate double check of the frame synchronization 
identification and the out-of frame synchronization detection. The provided that output both 
of the auto-correlator in FIG. 7 and the cross correlator are referred on the same time, the 
double check in one frame is possible. As explained, FIG. 7 illustrates a block diagram of an 
auto-correlation device for frame synchronization identification and out-of frame 
synchronization detection in accordance with a preferred embodiment of the present invention, 
wherein the frame synchronization is identified in frames by using an auto-correlation result 
in forms as shown in FIGS. lA and IB, when an output of the auto-correlator is compared 
with a preset positive threshold value, for identification of the frame synchronization. As 
explained, FIG. 8 illustrates a block diagram of a cross correlation device for frame 
synchronization identification and out-of frame synchronization detection in accordance with 
a preferred embodiment of the present invention, for frame synchronization identification by 
using the cross correlation result in forms shown in FIGS. IB or 2B, when an output the cross 
correlator is compared to a present negative threshold value for the frame synchronization 
identification. In the correlators in FIGS. 7 and 8, Tframe represents one frame time period, 
which is 10msec in the present 3GPP standard. However, if the correlators in FIGS. 7 and 8 
are used individually, because the correlators make no difference with the related art in the 
frame synchronization identification and the out-of frame synchronization detection, basically 
the present invention combines outputs of the auto-correlator in FIG. 7 and the cross- 
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correlator in FIG. 8 for the frame synchronization identification and the out-of frame 
synchronization detection. The present invention determines a success in the frame 
synchronization identification by using the parameter *Z' shown in the following equation 13. 

Z = |;i?,(0)-2(^2,-..2.(7) + i?:,2,-,(8)). a = 2, 4, 6, 8 (13) 

The equation (13) has a prerequisite that there is no distortion of the radio channel, 
and the parameter 'Z' is a reference for determining success of the frame synchronization 
identification. When the success of the frame synchronization identification is determined, 
the parameter 'Z' has value as expressed in the following equation (14). 

Z - a/2 #(30 - (-30)) = a»30 (14) 

In a case the parameter *Z' in the equation (14) is greater than a preset threshold 
value P, the case is determined to be a case the frame synchronization identification is in 
success. Opposite to this, in a case the parameter 'Z' in the equation (14) is smaller than the 
preset threshold value P, the case is determined to be a case the frame synchronization 
identification is in failure. The threshold value P is set up to be flexible according to an 
SNR(Signal to Noise Ratio). If the present SNR is high, the threshold value P is set to be 
higher, and if the present SNR is lower, the threshold value P is set to be lower. As an 
example, in this embodiment, the threshold value is set to be "0" to cope with a case when the 
auto-correlation value that represents a positive maximum correlation value is smaller 
than the cross correlation value that represents a negative maximum correlation value, or a 
case when the cross correlation value that represents a negative maximum correlation 
value is greater than the auto-correlation value that represents a positive maximum 
correlation value, which can be occurred seldom in a very poor channel environment, when 

the out-of frame synchronization can be detected by setting the threshold value P = 0. FIG. 
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10 illustrates a block diagram of a system of correlators for identification of fi-ame 
synchronization and detection of out-of frame synchronization in accordance with a preferred 
embodiment of the present invention, referring to which a system of the correlators of the 
present invention will be explained in detail. The system of the correlators in FIG. 10 has a 
= 2. 

Referring to FIG. 10, a first correlator 1 and a second correlator 2 take auto 
correlation of received frame synchronization words, and a third correlator 3 and a fourth 
correlator 4 take cross correlation of received frame synchronization words. When a sum 
"R1(0)H-R2(0)" of an output R1(0) of the first correlator 1 and an output R2(0) of the second 
correlator 2 are provided, and a sum "Rl,7(7)+R2,l(8)" of an output Rl,2(7) of the third 
correlator 3 and an output R2,l(8) of the fourth correlator 4 are provided, the parameter 'Z' 
can be calculated. 

As explained, in a summing step, the auto-correlation result is delayed for certain slot 
time periods during the cross correlation is carried out. Then, the auto-correlation result and 
the cross correlation result are negative summed. In a step of carrying out an auto- 
correlation, restored frame synchronization words are classed into a number of classes 
corresponding to pairs of the frame synchronization words. Then, a first frame 
synchronization word and the second frame synchronization word of each class, i.e., each 
code pair, are auto-correlated, to produce a first auto-correlation result and a second auto- 
correlation result. Then, the first auto-correlation result and the second auto-correlation 
result are summed to produce a final auto-correlation result. In a step of carrying out a cross 
correlation, at first restored frame synchronization words are classed into a number of classes 
corresponding to pairs of the frame synchronization words. Then, a second frame 
synchronization word is cross correlated with respect to a first frame synchronization word, to 
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obtain a first cross correlation result, and the first firame synchronization word is cross 
correlated with respect to the second frame synchronization word, to obtain a second cross 
correlation result delayed for a time period compared the first cross correlation result. Then, 
the first cross correlation result and the second cross correlation result are summed, to obtain 
a final cross correlation result. 

The parameter *Z' can be obtained by negatively adding the summed cross 
correlation result "Rl,2(7)-hR2,l(8) to the summed auto-correlation output "Rl(0)+R2(0)", 
which is expressed in the equation (13). Owing to this, the present invention permits to 
obtain a correlation value two times greater the same in the related art in the case a =2 as 
shown in FIG. 14, that allows a more reliable frame synchronization identification. Then, 
the calculated parameter 'Z' is compared to a preset threshold value p. If the parameter 'Z' 
is greater than the threshold value P, it is determined that the frame synchronization 
identification is in success, and if the parameter 'Z' is smaller than the threshold value p, it is 
determined that the frame synchronization identification is in failure. Thereafter, the 
receiver side reports a result of the determination to the upper layer. 

As has been explained, the method for synchronizing frames by using pilot patterns in 
a compressed mode of the present invention has the following advantages. 

First, even in a case a W-CDMA mobile communication system is operated in a 

compressed mode, not to transmit all the 15 slots of one frame, the present invention permits 

to restore perfect fiame synchronization words in frames by using dedicated pilot pattern. 

As correlation of the firame synchronization words restored thus can be used even in the 

compressed mode, the firame synchronization can be achieved by using device and method the 

same with a general mode. 

Second, the appropriate combination of the auto-correlation fiinction and the cross 
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correlation function of the pilot patterns permits easy identification of the frame 
synchronization or easy out-of frame synchronization detection, that allows fast 
synchronization of successive frames. 

Third, the application of more reliable correlation outputs in identification of the 
frame synchronization or out-of frame synchronization detection to all the next generation 
mobile communication systems using the pilot patterns of the present invention provides the 
same reference for all systems that use the same pilot patterns. 

It will be apparent to those skilled in the art that various modifications and variations 
can be made in the method for synchronizing frames by using pilot patterns in a compressed 
mode of the present invention without departing from the spirit or scope of the invention. 
Thus, it is intended that the present invention cover the modifications and variations of this 
invention provided they come within the scope of the appended claims and their equivalents. 
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